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FOREWORD 
The US-Southeast Asia Symposium on Engineering for Natural Hazards 
Protection was held at the Philippine International Convention Center 
in Manila, Philippines on 26-30 September 1977. The Symposium was 
sponsored jointly by the National Science Development Board of the 
Philippines, the University of 'the Philippines System and the U.S. National 
Science Foundation. 
The US contribution to the Symposium was supported by the Division 
of International Programs of the National Science Foundation through 
Grant INT 77-15418 to the University of Illinois at Urbana-Champaign. 
This report is submitted in compliance with the requirements of the grant. 
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I. Introduction 
The "need for protecti on of ma"n and manmade structures and faci 1 i ti es 
against the extreme forces of natural hazards is worldwide. This need is 
particularly pronounced in the region of Southeast Asia where ty"poons, 
monsoons, severe thunderstorms, and earthquakes are yearly occurrences 
that regularly pose serious threats to lives and material properties. To 
mitigate these forces and provide adequate protection, within the develop-
ing economies of the countries in the region, are real challenges for the 
local engineering communities. 
Some aspects of the approach to the engineering design of structures 
and systems to withstand the forces of natural hazards are common irrespec-
tive of geographic regions. In this regard, the recent developments in the 
United States, particularly in the areas of earthquake and wind engineering, 
would be of interest and benefit to the engineers and researchers of the 
Southeast Asian countries.' Nevertheless, each region in the world may have 
special problems peculiar to the region; moreover, because of the frequency 
and regularity of major hazards in Southeast Asia, the study of extreme 
natural hazards ,in this region would be of special interest to engineering 
researchers, particularly those working in the areas of earthquake and 
strong wind. Certain countries in this region lie directly within the 
circum .... Pacificbeltof active seismic activity. Also, this region is 
regularly subjected to severe typhoons and heavy rainstorms, the magnitude 
or intensity of which are some of the most severe in the world. There 
are also areas in this region that are potentially exposed to tidal waves 
(which may be earthquake-induced) and volcanic hazards. Flooding, as 
well as landslides, are frequent results of these natural phenomena. 
The Symposium provided a forum for delegates from the U.S. and the 
Southeast Asian countries to review the current state of technologies 
that have recently been developed for the design of facilities and struc-
tures to resist the extreme forces of natural hazards, with specific 
reference to earthquakes and strong wind. This Symposium also provided 
the opportunity to review the current research and development efforts, 
both in the United States and the countries of Southeast Asia, as well as 
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serve to identify those problems that are unique to the region relative to 
protection against natural hazards. 
The Technical Program 
The technical program consisted of two days of formal paper presenta-
tions by authors from the different countries represented in the symposium, 
and one and one- hal f days of workshop di scuss ions by the de 1 egates ,of the 
various countries, with the attendance of local observers. It was the 
purpose of the workshop to define and identify specific topics related 
to natural hazards that are most promising for future co~laborative efforts 
between the U.S. and countries in Southeast Asia, or among countries in 
Southeast Asia. 
Representation 
Aside from the U.S. and the Philippines, which had the largest 
delegations to the Symposium, there were delegations also from Japan, 
Australia, New Zealand, Hong Kong, Thailand, and Singapore. Invitations 
to participate in the symposium were sent to Indonesia, Malaysia, and 
South Korea; however, these countries were not able to send delegations 
to Manila, due largely to the short lead time available to organize the 
Symposium (between March and September 1977). In any future symposium of 
this type, every effort should be made to get representation from these 
other countries of Southeast Asia. 
Acknowledgment 
The participation of the U.S. delegation at the Manila Symposium 
was made possible through the support of the National Science Foundation 
under Grant No. INT 77-15418 to the Department of Civil Engineering, 
University of Illinois at Urbana Champaign. The initial incentive for 
a symposium in Southeast Asia was developed through discussions with 
Dr. S. C. Liu of NSF-RANN and Dr. A. Holt of NSF-International Programs 
Division. Their personal encouragements and support during the organiza= 
tional phase of the symposium are gratefully acknowledged. 
Much of the credit for the successful organization of the Symposium 
in Manila must go to the local organizers under the able leadership of 
Dr. E. Tabujara of the University of the Philippines and R. Venturina of 
the National Science Development Board of the Philippines. Also~ the 
co-sponsorship and financial support of the National Science Development 
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Board and the University of the Philippines, as well as contributions from 
other governmental and private agencies (see Appendix C) in the Philippines, 
all served to insure the success of the symposium in Manila. To our 
Philippine hosts and organizers (see Appendix B), the foreign delegates are 
grateful for their kind hospitality, and for the magnificent and-beautiful 
facilities provided for the conference. 
The Symposium benefited immeasureably from the participation' and 
personal support· of the following Philippine dignitaries: Dr. M. S. Magno, 
Chairman of the National Science Development Board; Dr. O. D. Corpuz, 
President of the University of the Philippines System; and Hon. A. L. Juinio, 
Secretary of Public Works, Transportation and Communications, and Dean of 
the College of Engineering of the University of the Philippines. 
The technical contents of a symposium of this type, of course, depend 
on the contributions of all the participants; the efforts of all the 
delegates, guests, and observers' are greatly appreciated. In particular, 
the efforts of the chairmen of the various working groups deserve special 
acknowledgment; indeed, they deserve the credit for the successful conduct 
of the research workshop sessions and for their respective working group 
reports (included herein). 
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II. The Conference 
The conference started with a brief opening ceremony Dr. O. D. 
Corpuz, President of the University of the Philippines System, welcomed 
the delegates and observers, and Dr. M. S. Magno, Chairman of the National 
Science Development Board, was the guest speaker. Opening remarks were 
given also by Dr. M. P. Gaus and Dr. S. C. Liu, both of the National 
Science Foundation representing the U.S. as co-sponsor of the Symposium. 
The formal program of the Conference consisted of eight sessions, 
covering modern methods for risk and safety assessments, analysis and 
design for earthquakes and wind, landslides and storm surges, and methods 
for damage assessments and measurements. The various sessions are as 
follows: 
Monday, 26 September 
Chairman: Dr. Romeo A. Estanero 
Rapporteur: Engr. Rafael F. Erfe 
Session 1: RISK AND RELIABILITY ANALYSIS 
Risk and Reliability Analysis for 
Natural Hazards .......................... Dr. Alfredo H-S. Ang 
Risk and Decision in Design ............... Dr. E. Vanmarcke 
Earthquake Risk Analysis for 
Metro Manila ............................. Fr. Sergio Su, S.J. 
Seismic Risk of Underground 
Lifelines ................................... Dr. M. Shinozuka 
Session 2: GROUND MOTIONS AND SEISMIC ZONING 
St~tistical Nature of Earthquake 
Motions and Structural Responses ............ Dr. Joseph Penzien 
Stochastic Process Models of 
Earthquake Motions for Non-linear 
Structural Response ......................... Dr. Hiroyuki Kameda 
t~etro Man i 1 a Vul nerabi 1 i ty Zon i ng 
and Physical Planning ............... Dr. Nathaniel Von Einsiedel 
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Tuesday, 27 September 
Chairman: Dr. Roman L. Kintanar 
Rapporteur: Engr. Manuel C. Jabson, III 
Session 3: EARTHQUAKE RESPONSE ANALYSIS 
Seismic Risk Analysis Including 
Attenuation Uncertainty ...................... Dr. A. DerKiureghian 
Probabilistic Solution to 
Hy~teretic Systems Subjected 
to Earthquakes ............................... Dr. Pisidhi Karasudhi 
Seismic Analysis of Soil-Building 
Interaction Systems .......................... Dr. Seng-lip Lee 
Seismic Response and Reliability 
of Mechanical Systems ........................ Prof. Heki Shibata 
Session 4: EARTHQUAKE RESISTANT DESIGN 
Current Trends in the Seismic 
Analysis and Design of Structures 
and Facilities ..... ~ ......................... Dr. William J. Hall 
Development of Earthquake Resistant 
Design Using Ultimate Capacity 
Concept .............. ~ ....................... Prof. Hi royu k i Aoyama 
Sei smi c Des i gn of r·11asonry 
Structures ................................... Dr. M.J.N. Priestley 
Chairman: Dr. Ernesto S. De Castro 
Rapporteur: Engr. Nicanor G. V. Bacani 
Session 5: WIND CHARACTERISTICS AND RESPONSE 
Problems in Wind Engineering .................. Dr. M. P. Gaus 
Turbulence and Wind Force 
Effects on Structures ................... ' ..... Dr. R. Scan 1 an 
Aerodynami c Response 'of Bri dge 
Structures Subjected.to Strong 
·vJind ......................................... Dr. N. Shiraishi 
Recent Developments in the 
Formulation of Design Wind Loads ............. Dr. Richard D. r·1arshall 
Session 6: WIND RESISTANT DESIGN 
Some Considerations on the Safety 
Evaluation of Wind Resistant Design ......... Prof. Manabu Ito 
Design Criteria for Extreme Events -
Tropical Cyclones .........................•. Dr. G. R. Walker 
Design Considerations for Resistance 
to Wind ..................................... Dr. Arthur Chiu 
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Wednesday, 28 September 
Chairman: Dr. Fiorello R. Estuar 
Rapporteur: Engr. Estelo C. Tumblod 
Session 7: LANDSLIDES AND STORM SURGES 
Mechanics and Control of Landslides .......... Dr. Severino L. Koh 
Storm Surge Prediction and 
Meas urement Sys terns ......................... Dr. O. Shemd in 
Management of Storm Surges and 
Floods in Manila Bay ........................ Dr. Fei-Fan Veh 
Storm Surge Potentials for 
Selected Philippine Coastal 
Basins ............................. Prof. Catalino P. Alcances, Jr. 
Session 8: DAMAGE ASSESSMENTS AND MEASUREMENTS 
Some Observations on the Damage 
Resulting from the Mindunao Earthquake 
of August 17, 1976 .......................... Andres O. Hizon 
Seismic Damage Assessments of 
Buildings .................................... Dr. J.T-P. Vao 
Wind Damage Experiences: Failure 
Assessment, Practices and 
Solutions ................................... Dr. I.J. Minor 
Wind Pressure Measurements on a 
r~ulti-Story Building ........................ Prof. D.H. Freeston 
Publication of Technical Papers 
There is a plan to publish all the technical papers presented at the 
Symposium in a single-volume book. Support for this publi'cation will be 
underwritten also by the National Science Foundation, as part of Grant 
INT 77-15418. 
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III. The Research Workshop 
The other phase of the Symposium was the Research Workshop. This 
consisted of one and a half days of discussions in small groups of 
delegates. The objective was to identify and define specific topics for, 
research that would be of mutual interest and potential benefit to the 
countries involved. Eventually, it is hoped that these will form the basis 
for future collaborative research programs between the countries' repre-
sented at the Symposium. Indeed, the extent to which the topics defined 
at this Symposium can be developed to full research projects will constitute 
a long-term significance of the Symposium in Manila. 
The discussions were divided into five working groups; the delegates 
in each of the working groups and their respective reports (as submitted 
by the chairmen) are summarized below: 
WORKING GROUP El: EARTHQUAKE RESPONSE AND DESIGN 
Chairmen: Dr. William J. Hall 
Prof. Felisberto G.l. Reyes 
Rapporteur: Prof. ~~arino M., Mena 
Delegates 
Bayani P. Alma Jose 
Hi royuki Aoyama 
Matias A. Arreola 
Nicanor G.V. Bacani 
Fiorello R. Estuar 
Roman l. Kintanar 
Seng-lip lee 
Sabino V. lumain 
Rosalio A. Mallonga 
M.J.N. Priestley 
Domingo Sal ita 
Joaquin O. Siopongco 
Ernesto P. Sonido 
David V. Tan 
Corazon F. Tandoc 
lydia G. Tansinsin 
Minoru Wakabayashi 
J.T.P. Vao 
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REPORT OF GROUP El 
Introduction 
With recognition that the need for protection against the extreme 
forces and deformations of natural hazards, such as earthquake is world-
wide, Working Group El undertook an examination of a set of study ,topics 
within its area of concern that we believe would help mitigate these 
effects in providing protection for the population and in reducing econ-
omic loss. In general this objective can be met through improved design 
and construction practices, especially as they lead to better cost effec-
tive structures. To this end it should be noted that the primary purpose 
of the Symposium was II ••• to identify and define specific study areas or 
topics for future collaborative research among the countries represented 
in this Symposium. 1I 
Research and Development Topics 
At the outset it is worth noting that the topics selected herein 
for specific cornnents are major areas of con'cern not only to Southeast 
Asia countries but to other parts of the world as well, including the 
United States and Japan. Within this context then the formulation of a 
comprehensive research and development study should involve the coopera-
tive effort of all countries concerned and should have as its goal to 
develop significant and expedited improvements in technology for all 
parties involved. 
After a brief review of the status of earthquake engineering design/ 
ana 1 ys i s/ construct ion practi ce as 'refl ected in the papers presented at the 
Symposium and in the discussion at the working group meeting, it was 
agreed that the following ten topical headings incorporate the areas of 
research needed to improve our earthquake resistant design and construc-
tion practice: 
1. Design Philosophy, Codes and Standardization 
2. Material Quality, Control Development and Construction Practices 
3. Non-Engineered Structures -- Low Cost, Low Rise 
4. Engineered Structures -- Building Framing Systems, Ductility, 
and Non-Structural Elements 
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5. Evaluation of the Adequacy of Existing Buildings 
6. Information Base, Application and I 
7. ' Soi l-Structure Interacti on 
8. Bridges 
9. Util ities 
10. Dams and Reservoirs 
The working group agreed that the first six topics were deserving 
of special interpretive description since they appear to be amenable to 
cooperative effort within a reasonable time frame. This was not meant to 
mean that the last four items were deemed to be unimportant for indeed 
soil-structure interaction is intrinsically a part of almost all of the 
first five items; since it is under intensive investigation in several 
countries and the research involves large amounts of time and money, it 
suffices to introduce synthesis and review at the appopriate time rather 
than to undertake detailed studies at this time as a part of cooperative 
study. 
With regard to bridges, utilities and dams (Items 8, 9 and 10), 
it was noted that all of these areas are under study at the moment in such 
countries as Jaoan and the United States. In several years, it may be 
advantageous to examine these topics in further detail for possible 
co-operative effort. It was noted that in the case of ,bridqes, for example, 
studies currently underway may suggest low-cost techniques for upgrading 
bridge resistance and such information should be brought to the attention 
of the cooperating countries when available in view of the importance of 
transportation systems to the economy and to recovery. 
Comments on the First Six Study 'Topics 
1. Design Philosophy, Codes and Standardization 
In recent years many new national building codes and guides for 
resisting seismic effects have been developed. These codes commonly 
include provisions for estimating the seismic forces, techniques for 
providing seismic resistance, and specifications pertaining to material 
strength and allowable stress and deformation. These codes differ in 
part as might be expected. In the interest of providing a base for review 
or upgrading such codes from time to time, it is believed that it would be 
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desirable to prepare some position statements concerning the philosophy 
behind the development of such codes, or design guides including, for 
example, such items as selection of the hazards, analysis and design 
techniques for loading and resistance, and assessment of the associated 
risk and margin of safety. It is believed that it would be desirable on 
a general basis (not in detailed form) to compare and summarize differences 
and similarities. It is believed that this effort would provide a valuable 
basis for code modifications in the future. 
Another ambitious program that could be of value to all countries 
involved would be the preparation of a design guide which includes specific 
recommendations as to proportioning and detailing of structural elements. 
2. Material Quality, Control Development and 
Construction Practices 
The state-of-the-art in local construction practices is usually 
based on past experience and rule 'of thumb. The majority of severe 
damage sustained by low-rise~ low-income housing due to earthquakes could 
be mitigated by more explicit and simple design and construction guidelines. 
Particular attention is drawn to material quality, control and con-
struction practices. Quality assurance programs and procedures in con-
struction starting from the manufacture through the inspection, and up 
to the installation of the materials, should be established in a simple 
and systematic manner. 
The development of indigenous construction materials that will perform 
well during an earthquake, such as the use of bamboo fiber, coconut coir, 
abaca fiber, etc., in roofing, wall and ceiling boards, should be under-
taken with the end view of increased strength and reduced weight and 
cost. 
Techniques of strengthening adobe and soil cement block houses 
against earthquake disturbance by providing tension reinforcement, banding 
or membrane continuity in the form of indigenous materials should be 
developed with particular attention given to anchorage and connections. 
Connections and anchorage devices which increase the safety in critical 
joints and sections in structures which exhibit frequent failures during an 
earthquake should be studied and developed. It may be possible to develop 
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simple guides to permit installation of some of these strengthening 
techniques to existing buildings ,and housing. 
It is believed that studies of the type outlined specifically in 
Topic 2, but also Topic 5 generally, could best be carried out·in 
building research laboratories in the countries concerned or as a part of 
cooperative institute programs. The investigations should be c90rdinated 
to insure the best return for expenditures made, and should be carefully 
planned so as to expedite adoption in practice. 
3. Non-Engineered Structures -- Low-Cost, Low-Rise 
Many aspects of research required for improvement of the earthquake 
resistance of a non-engineering structure are contained in Topic 2. 
However, in addi on to the speci c detailed topics outlined in Topic 2, 
itis believed that there is a need for an examination of the structural 
system as a whole and the devel,opment and simplification of procedures for 
use by practitioners to expedite evaluation of the seismic resistance of 
such structural systems. In view of the large number of such structures 
throughout the world, it should be obvious that any adopted improvements 
should lead to major economic savings in terms of seismic disturbance and 
to increased public safety. 
4. Engineered Structures -- Building Framing Systems, 
DUFtility and, Non-Structural Elements 
In the interest of improving' design'practices for engineering 
structures throughout the world, it is recommended that intensive research 
be continued in the development of resistant framing systems (for all 
materials) with the aim of improving their capability of maintaining 
strength throughout deformation without degradation. Structural elements 
should be able to resist both in-plane or out-of-plane loadings. 
As a part of these studies, there should be encouragement in all 
cooperating countries to investigate new materials, and combinations of 
new materials in conjunction with new types of framing systems. One 
goal is to develop techniques for evaluating and demonstrating the adequacy 
of new systems so that they can be accepted for use in practice. 
Recent earthquake damage assessment studies have shown clearly the 
need for more attention to the design and attachment of non-structural 
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and secondary elements in buildings. This subject needs intensive study 
and the development of guidelines to permit improvement in design/construction 
practice. 
5. Evaluation of the Adequacy of Existing Buildings 
The evaluation of the adequacy of existing buildings in general is 
composed of two general areas: (a) the evaluation of the structures 
following an earthquake and (b) the evaluation of structures as part of the 
general assessment of adequacy at periodic intervals when it is felt that 
the structures in a given area of the world might not be adequate to meet 
the expected seismic hazard. 
With regard to the former item, there needs to be studies of pro-
cedures for assessing physical adequacy of the structures as well as study 
of the legal responsibilities involved in assessing adequacy and/or 
repairability of the damaged building. At the same time there needs to be 
an assessment as to whether or not there should be a mandate that a building 
which externally does not appear damaged should be examined irrespectively 
to confirm as best possible that structural adequacy is not impaired. 
With regard to the second subtopic there needs to be a study of 
methods that might be employed by engineering firms and governmental bodies 
to ascertain the adequacy of existing buildings within a given area to 
resist seismic loadings. It is envisioned that such investigation should 
be contemplated for structures which are in general old or possibly 
constructed at a time when different materials and techniques were employed 
and considered desirable. Among the techniques that might be considered 
are non-destructive testing and certain forms of analysis coupled with 
selective testing. 
6. Information Base, Application and Interpretation 
Although the following was written as a part of the working group 
report concerned with earthquake response and design, it is believed that 
the concepts may be generally applicable to the conference goals as a 
whole and they are written in that context. 
(1) In Southeast Asia there is a general lack of comprehensive 
and centralized reference sources of technical information pertaining to 
engineering design for natural hazards, analysis procedures, construction 
techniques and material properties. In contrast the United States and 
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Japanese depositories are replete, but not necessarily complete, with 
such information. It is recommended that designated representatives of 
countries involved in cooperative programs of development make known 
generally to all participants major sources of information in order that 
they can procure those of most interest if they so desire. In" addition 
to journals or proceedings, the names and addresses of cognizant organiza-
tions should be provided so that continuing updating can be maintained. 
It is conceivable that in some cases at the national level, it may 
be found expedient to collect and collate abstracts of significant existing 
information for purposes of review and evaluation by appropriate groups. 
Depositories for such abstracts in the Philippines could be The Technology 
Resource Center. To save effort and resourses, if certain countries 
undertake this effort they should make their collection known to other 
cognizant countries in order to prevent duplication of this type of 
effort. 
(2) In order to disseminate information and concepts rapidly as a 
result of research and development activities, and to expedite information 
exchange generally between the co--opera ti ng groups, it is sugges ted that 
symposia be held in other cities throughout Southeast Asia. Such symposia, 
if structured carefully in advance, could prove to be highly desirable and 
beneficial in terms of synthesizing research and development information 
for all concerned and in expedi ti ng technology transfer to all. parti es 
concerned. In order to insure that these major symposia will be structured 
properly and advantageously to the benefit of a large number of people 
who are expected to attend such meetings, it is suygested that certain 
investigators meet as appropriate at intermediate periods to compare and 
study results and to guide preparation of topics that would be presented 
in the sympos i a. 
(3) It is recommended that each Southeast Asia country involved in 
the cooperative effort urge their respective policy making bodies to 
develop and systematize a plan to expedite research efforts and applica-
tions to practice. 
In order to implement this plan, the information base described in 
sub-Item No. 1 above is necessary but there is also an implication of a 
more serious commitment of funds for qualified personnel and equipment to 
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achieve the goals over some planned time period. It is recognized that a 
major portion of the technology transfer should be structured to be of 
use in the engineering practice in the country in accordance with 
specific requirements of the area. 
(4) Another item that should not be overlooked pertains to the 
social aspect, such as disaster planning and rehabilitation followlng an 
earthquake. The efforts in this field need to be planned separately but 
with coordination with the technical studies outlined. 
WORKING GROUP E2: GROUND MOTION AND SEISMIC RISK 
Chairmen: Dr. Joseph Penzien 
Dr. Salvador F. Reyes 
Rapporteur: Ms. Perlita Morales 
Delegates 
J. Bogdanoff 
Rogel io Datuin 
Nathaniel Von Einsiedel 
Rafael F. Erfe 
Andres O. Hizon 
Hiroyuki Kameda 
Pisidhi Karasudhi 
Francisco B. Limeta 
S. C. Liu 
Teodoro G. Macalincag 
Vic P. Majarocon 
Wellington A. Minoza 
Benito T. Punsalan 
Heki Shibata -
Fr. Sergio Su, S. J. 
E. Vanmarcke 
Ernesto Villava 
REPORT OF GROUP E2 
Working group E2, Ground Motion and Seismic Risk, identified six 
areas where cooperation is recommended among the Southeast Asian countries, 
Japan and the United States. The first four of these areas, namely 
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(1) Seismic Zoning Map of the Philippines, Indonesia, and other Southeast 
Asian countries, (2) Intensity Attenuation Laws, (3) Prediction and 
Characteristics of Bedrock Ground Motions, and (4) Effects of Local Soil 
Conditions on Ground Motion Characteristics, are basic research studies of 
mutual value to all seismic regions of the world. The fifth area, Design 
Basic Earthquakes, would bring together the results of the first four to 
provide a basis for establishing design earthquakes which coul~ be used in 
designing important structures such as nuclear power plants, high-rise 
buildings, and dams, in the Southeast Asian countries. The sixth area, 
Institutional Approach to Research and Information Dissemination, is 
directed towards stimulating research in the Southeast Asian countries 
and towards collecting and disseminating research results. Following is a 
brief outline of each of the six areas: 
Seismic Zoning Map of the Phillppines, Indonesia, and 
Other Southeast Asian Countries 
a. Statement of Research - This research would concentrate on 
collecting, collating, and analyzing significant data of seismic events, 
such as location of epicenters, magnitudes, frequencies of occurrence, 
epicentral distances, focal depths, intensities, etc. and on correlating 
the results with geologic conditions. 
b. Need for Research - There is a great need for seismic zoning maps 
in the Southeast Asian developing countries which will define seismic 
intensity levels for use in the design of important structures such as 
nuclear power plants, high-rise buildings, dams, etc. 
c. Description of Research - Statistical analyses of basic seismolog-
ical data would be made to establish seismic intensity levels in probabilistic 
form for the Southeast Asian countries with special emphasis given to the 
metropolitan areas. Seismic intensity maps would be developed for use in 
engineering design. 
d. Cooperative Efforts - Since the results of this research are basic 
in nature, they would be of value to all seismic regions of the world. 
Therefore, cooperation among the Southeast Asian countries, Japan, and 
the United States in the overall effort is recommended. The individual 
efforts should be coordinated with educational and research institutions 
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and with professional organizations within the participating countries. 
This cooperative program could be carried on with minimum financial support 
and equipment. 
Intensity Attenuation Laws 
a. Statement of Research - This research would focus on the develop-
ment of theoretical and empirical laws for the statistical prediction of 
ground motion intensities during an earthquake of known magnitude and 
location. 
b. Need for Research - Knowing probable locations of epicenters, 
attenuation laws are needed to predict intensities of motion at particular 
sites. Therefore, there is a need for (1) development of attenuation laws 
for regions where such laws are not available, and (2) improvement of 
existing attenuation laws for regions where they have been developed 
previously. 
c. Description of Research - Basic research is needed in two direc-
tions, namely (1) collection and exchange of recorded and observed data 
from past earthquakes which are now available and documented in the 
participating countries, and (2) development of equations relating ground 
motion intensity to earthquake magnitude, distance, and other significant 
parameters. Information on soil and geologic conditions at recording 
stations should be part of this study. Various intensity scales, such as 
the MM scale, the RF scale, and maximum ground motion scales should be 
explored depending on the availability of data and engineering needs. 
Relationships between the various intensity scales should be established 
in order to convert available data into a form most useful for engineering 
design purposes. The statistical scatter of data about the proposed 
attenuation laws should be established as it is significant in determining 
levels of seismic risk. Attention should also be given to (1) the 
frequency dependency of attenuation rates, (2) defining the most appropriate 
distance paranleter for use in attenuation laws, and (3) influence of 
source mechanism parameters on attenuation rates. 
d. Cooperative Efforts - Cooperation of participating countries is 
essential in the compilation of statistical data which form the basis for 
17 
attenuation law studies. Comparison of results and coordination of efforts 
are believed to be vital for the success of such a program. 
Prediction and Characteristics of Bedrock Ground Motions 
a. Statement of Research - This research is aimed at (1) establishing 
seismic risk maps in terms of ground motion parameters of engineering 
interest, (2) characterizing strong ground motions at bedrock level, and 
(3) developing appropriate stochastic models for bedrock ground motions. 
b. Need for Research - This research will generate information much 
needed by engineers in establishing seismic load l€vels and characteriza-
tions of seismic ground motions for purposes of analysis and design. 
c. Description of Research - There is a great need for a compre-
hensive study aimed at establishing seismic risk maps in terms of ground 
motion parameters of engineering interest. At present, all available 
information is in the form of qualitative intensities. There is a need 
to relate this information to such parameters as ground acceleration, 
ground velocity, duration, and other strong motion parameters. These 
relationships should be established for all major local seismic provinces 
and the similarities of data and results for these provinces should be 
compared with comparaBle information available in Japan, the United States, 
and other countries. In time, further information will become available 
from the strong-motion instrumentation now being installed. Such infor-
mation will supplement existing data bases and should be incorporated into 
a more comprehensive study of seismic risk and characterization of strong 
earthquakes. 
In characterizing strong ground motions for engineering purposes, 
three parameters, namely, intensity, dominant ground period, and duration 
are important as they greatly influence structural response. Duration is 
particularly important for non-elastic systems. Ideally, information about 
the joint likelihood of occurrence of these three parameters should be 
developed .. In addition, information on the variations of ground motion 
intensity and its frequency content with time should be established. Such 
information is needed in developing appropriate stochastic models for 
three-dimensional ground motions. 
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d. Cooperative Efforts - Cooperative studies will be especially 
effective for regions where seismic zoning can be achieved only in terms 
of qualitative intensity scales. The results of studies for these regions 
can be compared with results worked out in terms of engineering parameters 
for other regions having similar geological conditions. Calibration 
between such regions will provide quantitative reasoning for other 
regions not having instrumental data and will provide a more uniform 
international basis for seismic zoning. Cooperative studies will also be 
highly desirable in the field of statistical analysis and data supply for 
characterizing earthquake ground motions and establishing appropriate 
models. Of greatest importance is the development of strong motion 
seismograph networks on a uniform technical basis as well as the analysis 
of data obtained using a common methodology. 
Effects of Local Soil Conditions on Ground 
Motion Characteristics 
a. Statement of Research - This research has two objectives (1) to 
collect subsoil information, e.g. depths to bedrock and physical properties 
of soils, sufficient for establishing prel imfnary soil factors for design 
purposes in urbanized areas, and (2) to provide a data base which can be 
utilized for studying motions in alluvial ground overlying bedrock and for 
correlating the results of such studies with available recorded strong 
ground moti ons. 
b. Need for Research - The effects of earthquakes on engineering 
structures in different locations may depend significantly on the 
conditions of the underlying foundation soils; therefore, the effect of 
local soils on the characteristics 'of ground motions greatly needs investi-
gation. Unfortunately, in most regions of Southeast Asia, information on 
local soil conditions is severely lacking. 
c. Description of Research - Information on local soil conditions 
throughout Southeast Asia should be collected and organized (Work along 
this line is presently being carried out in Metro-Manila). This information 
should include depths to bedrock, depths to the water table, and the 
physical properties of the overlying soils as obtained by various engineering 
and geophysical techniques. Since presently much controversy exists 
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regarding the effects of local soil conditions on ground motions character-
istics, correlation studies should be carried out comparing predicted 
ground motion characteristics with measured ground motion characteristics. 
Improved methods for assessing local soil effects should be developed. 
d. Cooperative Efforts - Since this research is basic in nature, 
the results would be of value for all seismic regions of the world; 
therefore, cooperation in the overall effort is recommended among the 
Southeast Asian countries, Japan, and the United States. 
Design Basis Earthguakes 
a. Statement of Cooperative Effort - This effort is aimed at 
establishing design basis earthquakes to be used in the design of struc-
tures, such as industrial facilities, nuclear power plants, high-rise 
buildings, residential buildings, dams, etc. to be located in the Southeast 
Asian countries. 
b. Need for Research - Design basis earthquakes are needed so that 
engineering designs are consistent with acceptable safety levels, economic 
constraints, professional practice, and other pertinent local factors. 
c. Description of Research - The development of design basis earth-
quakes should follow two approaches, namely (1) establishing appropriate 
values for a design lateral force coefficient roughly comparable to the 
Z-factor in the Uniform Building Code,'and (2) establishing appropriate 
response spectrum curves for modal analyses and accelerograms for use in 
time-history analyses. 
The effect due to local soil conditions should be separated from the 
lateral force coefficient mentiqned above and should be treated separately. 
Maps should be established showing the lateral force coefficient to be 
used for any site in Southeast Asia. 
The design basis earthquake defined through response spectrum curves 
or an accelerogram, which would be used for more important structures, 
should be established after full consideration of plate techtonic theory, 
available geological and seismological data, attenuation laws, local soil 
condi ti ons, etc. 
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Public policy factors applicable to local regions (social, economic, 
political, legal, etc.) should also be considered when setting the design 
basis earthquake, whether it be expressed in terms of the lateral force 
coefficient, response spectra, or an accelerogram of ground motion. 
d. Cooperative Efforts - This work would be carried out primarily by 
individuals and groups in the Southeast Asian countries working cooperatively; 
however, assistance and cooperation from individuals and groups i~ Japan 
and the United States are highly desirable due to their previous experience 
in this area of activity. The overall 'effort would be of benefit to all 
participating countries. 
Institutional Approach to Research and Information Dissemination 
a. Statement of Problem - Answers are needed to the following 
questions: (1) How can all information pertinent to natural hazards 
mitigation be effectively collected and disseminated throughout the 
Southeast Asia region?, (2) How can this information be effectively used 
in research and engineering practice?, (3) How can research be stimulated 
and engineering practice be improved in the Southeast Asian countries?, 
(4) How can engineers and scientists be given opportunities for continuing 
education related to natural hazards mitigation?, and (5) How can 
funding be obtained to implement programs needed for natural hazards 
mi gation? 
b. Possible Solution - Presently, there appears to be little 
incentive to find answers to the above questions. To assist in solving 
this problem, it is suggested that consideration be given to the establish-
ment of an institute in one of the. Southeast Asian countries where high 
seismicity is 'present (Manila has been suggested as a logical location). 
This institute could serve as a natural hazards data and research center 
for the Southeast Asia region and as an educational center for engineers 
and scientists working in this field. It could possibly publish a journal 
(say, Journal on Natural Hazards Protection in Southeast Asia), sponsor 
seminars, organize short courses, etc. Such an institute, if properly 
supported, might well provide some of the answers to the questions raised 
above. 
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If favorable consideration is eventually given to the establishment 
of an institute of the type mentioned above, every effort should be made 
to make the activities of the institute complimentary to the activities of 
other institutes, such as the Asian Institute of Technology (AIT) and the 
International Institute of Seismology and Earthquake Engineering (IISEE). 
c. Cooperative Efforts - Clearly, an institutional approach to 
research and information dissemination in Southeast Asia can be success-
ful only if all countries in the region cooperate fully, assistance and 
cooperation is received from countries such as Japan and the United States, 
and adequate funding is made available. 
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REPORT OF GROUP Wl 
Working group Wl reviewed the general area of wind response and 
design with .the purpose of identifying those items or topics which are in 
need of additional research and which might offer an opportunity for 
international collaboration. While the discussions covered many topics, 
ranging from single-family dwellings to long-span flexible bridges and 
nuclear power. plants, three topics emerged as having a significant 
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potential for protection against natural hazards. In addition, these 
three topics are believed to represent achievable goals when the very real 
constraints of existing research capability and available funds are 
applied. The topics are listed in order of priority and are followed by 
comments describing the scope of the proposed effort and means of 
implementation. 
Establishment of an International Wind Engineering Extension Service 
The objective is to disseminate existing information on the nature of 
wind forces, the design of buildings and other structures to resist these 
forces, and recent developments in the formulation of codes and standards. 
To make this dissemination effective and to ensure its use by the engineering 
profess ion, it is proposed that regi ona 1 semi nars 0\" workshops be conducted 
from time-to-time in appropriate countries of Southeast Asia, the courses 
being presented by international experts and certain individuals from the 
engineering profession in the host country. These seminars or workshops 
would introduce the latest technology to the profession and would also 
provide an opportunity to document current practice and experience in the 
host country. Documents could be distributed and otherwise be made 
available by appropriate local agencies such as the Technology Resource 
Center (TRe) which has recently been established in the Philippines. 
Post Disaster Investigations 
The objectives of this topic are: (1) to investigate and report on 
disasters caused by extreme winds, (2) to relate observed damage and wind 
intensities to structural performance, and (3) to assess existing design 
criteria and provide feedback to the affected country or countries. It 
is important to understand that this topic involves far more than just the 
documentation of wind damage and that the real value lies in the second and 
third items above. To be effective, contacts would have to be established 
before the fact with participating countries so that investigative teams 
(to consist of international experts and members of the engineering 
profession in the affected country) could have timely and unlimited 
access to the disaster area. 
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It is believed that the International Association for Wind Engineering 
could provide the leadership and coordination for such an undertaking. 
Admittedly, this group is currently organized along very informal lines 
without an operating budget and would require financial assistance to 
carry out the objectives outlined above. 
Establishment of a Boundary-Layer Wind Tunnel Facility 
In addition to being an extremely useful research took a boundary-
layer wind tunnel is an essential component in the design of structures 
having unusual geometric features or dynamic characteristics which may 
make them sensitive to wind forces. The working group believes that the 
establishment of such a facility, to be supported by and made available 
to the countries of Southeast Asia, is justified on the basis of current 
need by the engineering profession and on the basis of its potential for 
the reducti6n of wind hazards.' It is believed that the major cost of 
establishing such a facility lies in the training of staff members who 
would carry out commercial work in response to the needs of the engineering 
community and who would also conduct research into the mechanisms of wind 
loading. To be successful, a regional facility such as this should be 
associated with an established research center or institutinn. 
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REPORT OF GROUP W2 
The work of the 'group was divided into four sub-sessions of approxi-
matelyl 1/2 hours each, having the following centers of focus: 
Session 1 - Objectives of the Session and Definition of Technical 
Prob 1 em Areas. 
Session 2 - A discussion of the present State of the engineeri~g art 
relative to wind and the natural hazards caused by it in southeast Asia. 
Session 3 - A broad discussion of possible research and study projects 
needed in the area. 
Session 4 - A focussing discussion in which a limited number of 
possible research project subjects pertinent to the area were identified. 
In session 1 the general objectives of the US National Science 
Foundation in this context were outlined as centering around an international 
cooperation in the natural hazards' area in Southeast Asia. Particular 
willingness to supply travel funds to qualified US nationals acting as 
co-investigators in co-operative study projects was indicated. 
In the four working subsessions particular emphasis was given to 
information and viewpoints supplied by representatives from Australia, 
Hong Kong, Japan, New Zealand, Philippines, and United States of America. 
The absence of representatives from other Southeast Asian countries was 
noted and the general hope expressed that these absences could be remedied 
at future meetings of similar type. 
Principal Conclusions 
A total of some 24 topics for research, data-gathering etc. were 
broadly discussed. These finally were reduced to some 5 areas, of which 
the following list is a highly condensed summary_ 
1. Needs for Continued Experimental Data-gathering relative to 
a. large-scale cyclonic storms (typhoons, cyclones, hurricanes) 
b. tornadoes 
c. Boundary layer properties of the wind at well-chosen locations 
(velocity profile, spectra and spatial correlations of turbulence, etc.) 
do personal discomfort in tall building and plaza contexts 
e. wind tunnel modeling of specific problems 
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2. Needs for Storm-Disaster ~1anagement, Damage Assessment and 
Damage- Reducti on ~1eas ures 
a. Creation of a natural hazard data collection center and 
clearing house for Southeast Asia (possibly based on PAGASA). 
b. Development of highly engineered approaches to disaster warning 
and control. 
c. Establishment of qualified disaster evaluation teams tb be sent 
rapidly into areas of storm damage after an event. 
d. Launching of a campaign of public education emphasizing engineering 
measures that can improve the storm resistance of non-engineered structures 
and reduce storm casualties associated with them. 
3. Needs for Wind-hazard Risk-assessment Studies Based on State-of-
the Art Probabilistic and Analogous Approaches 
a. Assessment of tornado and typhoon risks to cities, agricultural 
resources, sensitive installations such as nuclear plants, special 
laboratories, factories, etc. 
4. Needs to Gather and Compare Wind Codes from a Wide Range of 
Sources for Structural Engineering 
a. Studies assessing the effect of particular code applications on 
representative designs. 
5. Assessment of the Full Implications and Efficacy of Typhoon 
Modification and Reduction Efforts 
A list of documents were submitted to Professor E. P. Quiwa, rapporteur 
of panel W2 by interested parties. These documents have been turned over 
to the documentation office of the Building Research Center, University of 
the Philippines. 
Director J. F. Flores of Typhoon Research of the Philippine Atmos-
pheric, Geophysical and Astronomical Services Administration offered 
concluding remarks regarding the willingness for cooperation of his 
meteorological group with structural engineers, in particular, collecting 
and storing wind data of a type most useful to engineers interested in 
structural design. 
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REPORT OF GROUP H 
The working group named IIGroup H: Other Hazards ll was concerned 
primarily with problems pertaining to natural hazards other than earthquakes 
and strong winds. 
The group identified five problem areas of importance to the Southeast 
Asia region in general and to the countries represented in the group in 
particular. These problem areas were: 
A. Storm-generated Waves and Surges 
B. Landslides and Related Hazards 
C. Volcanic Hazards 
D. Inland Flooding 
E. Seismic-generated Waves (Tsunamis) 
Detailed discussions on specific needs in these areas are presented in the 
next section. In each case the problem is briefly stated and the proposed 
method of attack is discussedQ 
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The group attempted a priority listing of the various research 
topics based on three criteria: urgency, organizational support, and 
availability of interested, qualified personnel to undertake the specific 
work. The group subsequently determined that all five problem areas were 
important to the Region, and the participants at the Group discussions 
individually expressed interest in certain specific topics. 
The group noted that some collaborative efforts existed between 
the Philippines and Japan on studies on inland flooding. However, 
collaboration on the other areas had not been initiated. Nevertheless, 
common interests were expressed by the participants, and possible collabora-
tion appeared to be most promising in the areas of storm-generated waves 
and surges, and in landslides and related hazards. Possible collaboration 
among Hong Kong, the Philippines, and the United States in the area of 
landslips of filled slopes and mud avalanche was also expressed. 
The group considered several questions relative to future collaborative 
activities. Specifically, the group discussed the need for continuing 
dialogues among the scientists and engineers of the participating countries, 
the need to discuss research progress, to assess progress, to establish 
research institutes for concentrated work in specified fields, and to create 
a data collection and information center and repository of research findings. 
Based on these deliberations, the group formalized three specific recom-
mendations. These are presented in the sections below. 
Research Needs in Engineering for Protection Against 
Natural Hazards other Than Earthquakes and Strong Winds 
Storm-generated Waves and Surges 
Three ~pecific topics for research, with strong possibilities for 
collaborative work between American a~d Filipino scientists, were identified. 
Development of r1athematical Models. for Predicting Storm Surges --
A number of countries in Southeast Asia are visited annually by tropical 
cyclones which create substantial damage to property and loss of lives in 
these countries. In terms of damage wrought, the storm-generated waves 
and surges consitute the greatest hazard as borne out by historical data, 
e.g. in the coastal areas around the Bay of .Bengal, Hong Kong, Japan and 
the Philippines. Mitigation of the damage and loss of lives from these 
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hazards could be enhanced by the timely issuance of accurate warnings of 
their impending occurrence. This could be done through the development of 
suitable mathematical 'prediction models. 
Presently there are some simplified models which seem to be adequate 
for coastal areas which have relatively straight coastal lines and well-
behaved coastal bathymetry. At best, these models give only rough and 
preliminary estimates of potential surges in most Southeast Asian coastal 
areas due to the highly irregular coastal configurations and the steep 
bathymetry in many areas. Furthermore, unusually large surges occur in 
closed or semi-closed basins or bays. 
To predict storm surges in the region more accurately, there is an 
urgent need for the development and formulation of more realistic mathematical 
models. Such models should predict flooding hazards resulting from the 
generation and the propagation of storm surges and waves in the Southeast 
Asian coastal complexes including open coasts, bays and rivers. They should 
(a) include the effects of irregularities in the coastal boundaries and the 
bathymetry of the continental shelves; (b) reflect time-dependent inundation 
boundary conditions along the low-lying terrains; (c) provide an acceptable 
degree of numerical resolution on the nonlinear advection terms to improve 
the stability criteria as well as the convergence capability of the model; 
(d) be applicable for storms travelling parallel as well as perpendicular to 
the shoreline; and (e) be reasonable in computational time. 
Advances in mathematical modeling achieved by scientists from the 
United States and Japan would be helpful to the Southeast Asia region. 
Specifically, the ongoing research efforts on storm surges in the Philippines 
supported by the NSDB* with primary activvty in the PAGASA** could benefit 
from collaboration with workers from the United States and Japan. 
Deve 1 opment of Ri sk r·1ethodo logy for Storm Surges -- Supp 1 ementi ng the 
work described above, a quantitative risk methodology for predicting the 
hazards from storm surges could be developed. This effort would involve 
the development of a deductive probabilistic model for evaluating the annual 
probabilities (or return-periods) associated with specified surge levels 
at a given site. For effective implementation, the model must necessarily 
*NSDB - National Science Development Board of the Philippines 
**PAGASA - Philippine Atmospheric, Geophysical and Astronomical Services 
Administration 
". 
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depend on and make use of available data on the major factors that influence 
storm surges as well as on the mechanics of surge development. 
The successful development of the model should serve to improve the 
risk mapping of specific regions of a country. Such a model could also 
serve to identify the data required for improving risk assessments. 
Instrumentation and Remote Sensing for Monitoring Storm Surges -- The 
advancement of the present state of knowledge on prediction of storm surges, 
waves and currents suffers from a deficiency in adequate measurements of 
parameters under storm conditions. Wave and storm surge research efforts in 
Southeast Asia can be boosted significantly with a collaborative help from 
American scientists who have been successful in developing suitable instru-
mentation and remote sensing techniques for storm conditions. 
A special instrumentation system for obtaining surge history and 
waves under hurricane conditions has been developed in Florida. Such a 
system can be deployed in the Philippines to supplement and support their 
studies on storm surges. A possible area of collaboration could be the 
installation and maintenance of the instrumentation system by Filipino 
participants at sites of their choice. The American participants can build 
and furnish the finished instrumentation system, and can provide instructions 
and training for its use, while the Filipino participants could assist in 
the installation and maintenance of the system at preselected sites. The 
analysis of data would then be conducted jointly in relation to storm surge 
models available in the United States and in the Philippines. 
The United States is also launching its first oceanographic satellite 
in May 1978. The capabilities include the measurement of wind speed and 
direction, wave height and direc~ion, ocean surface elevation, and ocean 
surface temperature. Information obtained from SEASAT-A in Southeast Asia 
can be provided to those countries that have interest in receiving the data 
and are willing and able to furnish surface data measurements to calibrate 
the satellite data. The Philippine agency PAGASA has indicated a strong 
interest in such a collaborative undertaking. 
Landslides and Related Hazards 
Under the broad title of landslides and related hazards, the group 
identified three areas of possible collaborative research among the 
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participants. These areas also fall under the overall category of geo-
technical engineering problems. 
Investigation on the Mechanics of Rain-induced Landslides and Mud 
Avalanche -- While extensive·studies have been done to understand the 
mechanics of earthquake-induced landslides, comparatively little effort has 
been spent on landslides caused by means other than seismic disturbances. 
In the Philippines, in Hong Kong, and other parts of the Southeast Asia 
region, landslides triggered by heavy rains cause considerable damage and 
loss of life. The landslips of 1972 and 1976 in Hong Kong were particularly 
disastrous. In the Philippines, rock slides and landslides are common 
occurrences during typhoon passages as well as during the monsoon season. 
Yet little is known regarding the fundamental tie-up between the varying 
properties of soil and soil instability. No suitable prediction methods 
for the occurrence of these hazards are available. 
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Hong Kong and other parts of Southeast Asia can prove useful in the develop-
ment of new knowledge on the mechanics of rain-induced landslides, where 
theoretical models can be tested in actual situations in the Southeast 
Asia region. Ultimately, the goal of such a collaborative project would be 
to develop methods for analyzing slope stability and design criteria for 
slope structures. Manuals on slope such as that being developed for Hong 
Kong to lay down standards of practice would be useful to other parts of 
Southeast Asia for the construction of structures on slopes. 
Indications exist for a desire for such a collaboration among the 
participants at the group meeting and some who were not able to attend the 
formal discussions. 
Development of Damage Evaluation Criteria for Soil Structures -- Natural 
.slopes and man-made cuts are subjected to such influences as earthquakes and 
heavy rains to the extent that the integrity of the soil structure is 
threatened, instability is induced, and landslides are caused. In some 
cases, only minor relative earth motion are experienced and the integrity 
of the soil structure remains manifestly intact. Nevertheless, it is 
necessary that a damage evaluation system be developed for soil structures 
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so that the stability of the slope can be assessed and the threat of 
landslides be monitored and their occurrence predicted. 
Collaborative studies can be undertaken on the specific topic of 
developing methods for assessing cumulative damage resulting from successive 
seismic loads or instances of heavy rainfall of different intensities and 
duration. Prediction models may be tested against propertly instrumented 
experimental models. 
In-situ Testing of Soils to Determine Liquefaction Potentials -- The 
possibilities of submerged deposits of loose cohesionless soil liquefying 
during seismic loadings are always of concern to a designer in a country 
like the Philippines due to the frequency of seismic activities and the 
rather extensive catastrophic damages liqu~faction of soil causes. Because 
soils of this type are hard to sample for laboratory testing and because 
of the resulting poor correlation between laboratory test data and field 
data, it is desirable to extend new knowledge on field testing procedures 
developed in the United States and other countries to the developing 
countries in Southeast Asia. Some expressions of collaborative interest 
were made by the participants from the Philippines. 
Volcanic Hazards 
The Philippines and other areas in the Southeast Asia are under 
constant threat of volcanic eruptions. Vulcanologists in the Philippines 
are active in studies monitoring the activities of volcanoes. An area of 
possible collaboration between American scientists and Filipino scientists 
is indicated below. 
The Development of Risk Meth~dology for the Prediction of Volcanic 
Eruption -- A risk evaluation method should be developed for assessing 
and predicting the hazards from volcanic eruptions of an individual volcano 
and/or the hazards of a given site from surrounding volcanoes. The work 
should involve the development of suitable probabilistic models for cal-
culating the probabilities of volcanic eruptions, depth of ash falls, lava 
flows, mud flows and the areas affected. 
The purpose of the model will include the determination of the 
likelihood of levels of volcanic hazards in specific regions of a country, 
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e.g. the Philippines. The form of the required model must necessarily 
depend on available data of previous eruptions as well as the science and 
mechanics of volcanology. 
In order to improve and support the information base needed in the 
risk methodology, additional data on the probable type of volcanic activity 
have to be obtained in terms of seismic and geothermic behavior and 
petrogenesis. For this purpose, further instrumentation and monitoring 
of specific volcanoes will be vital. 
Inland Flooding 
Inland flooding is a major problem in Southeast Asia. Heavy monsoon 
rains and typhoons annually tax the inadequate flood control and drainage 
system in the countries resulting in considerable damage to properties and 
loss of life. While some success has been experienced in the operation of 
a flood forecasting network for the Pampanga River Basin, existing models 
like the tank model give only gross information on the expected behavior 
of the natural drainage system in response to hydro-meteorological events. 
These models prove inadequate in that they fail to take into proper 
account the physical characteristics of the specific basin. Therefore, 
there is an urgent need for the development of realistic models as 
indicated below 
Development of Conceptual Models for River Basins -- Fundamental 
studies on flood flows and river stages which take into consideration 
hydrologic models are needed to improve techniques for flood forecasting. 
Conceptual models may then be developed for specific river basins. The 
results of these efforts are urgently needed to provide inputs for the 
development of'flood control systems and drainage designs for frequently 
flooded basins in the country. The urgency of the problem is understored 
. by the fact that very vital economic and developmental activities are 
either in progress or planned for major river basins and deltas in the 
Philippines as well as in other parts of Southeast Asia. 
The PAGASA and the Bureau of Public Works of the Philippines have 
started working on flood forecasting and control for the major river 
basins in the country. Very recently, the National Flood Forecasting 
Office was created under PAGASA to oversee this particular activity. Basic 
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studies as here proposed together with specific applications to particular 
regions would prove useful in improving the flood warning capabilities of 
these agencies. 
Seismic Generated Waves (Tsunamis) 
The Intergovernmental Oceanographic Commission of the UNESCO through 
the Tsunami Warning System Coordinating Group is the coordinating body_ for 
the study of tsunamis. The Philippines participates in this work, and the 
International Tsunami Information Center in Honolulu provides some assistance 
in terms of training. Locally, several academic institutions and government 
agencies are involved in the different aspects of this natural hazard 
ranging from basic studies to the dissemination of information to the 
provision of assistance to damaged areas. Three specific needs are 
indicated below: 
Development of Risk Methodology -- Research on the risk of tsunami 
occurrences ~hould be undertaken for the various areas of the Philippines. 
Some form of probability map could be developed to formulate some sort of 
measure for land use planning and infrastructure facilities construction 
in developing areas, particularly along the eastern coast of the Philippines. 
Instrumentation and Remote Sensing foi Monitoring Tsunamis --
Instrumentation and remote sensing projects such as that discussed earlier 
could also be useful for improving the tsu~ami warning system in the 
Pacific. Better warning systems should be developed to the extent that 
lead time is lengthened. An effort should also be made to educate the 
public about tsunamis, to be able to react to such disasters, as well as 
for purposes of housing planning and settlement. 
Development of Damage Evaluation System -- A system for damage 
evaluation to both terrestrial and aquatic life and property should be 
the subject of investigation. This should consider as well the impact 
caused by tsunamis on the environment. 
Additional Recommendations 
The Working Group endorses the active participation of engineers and 
scientists from the different countries in the conduct of the research and 
development activities proposed above. In addition, on several specific 
questions relative to future collaboration, the group presents the follow-
ing consensus and recommendations: 
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The group supports unanimously and recommends strongly the organiza-
tion of succeeding symposia similar to the Manila Symposium every two 
years at different locations in Southeast Asia. The possibility of having 
the next one in 1979 either in Thailand or in Singapore finds acceptance 
with the group. 
The group is of the consensus that research institutes could be 
organized with specific charges in specified areas of studies. It takes 
note of the fact that a Center for Vulcanology Research is presently under 
the consideration of UNESCO. However, the group feels that at this point 
the creation of a Southeast Asia Committee to oversee this institution-
alization as well as to coordinate future symposia would be more easily 
achieved than to establish institutes. 
Participants at the meetings of the group voiced a need for more 
technical and scientific information, journals, books, and other publica-
tions in the developing countries. The group feels that it would be useful 
to establish an efficient mechanism for quick interchange of information. 
A data information center could be organized; however, the group feels that 
such an endeavor should be approached with caution in that the organization 
of yet another center might duplicate needlessly the services available 
at other" centers, e.g. the Asian Information Center for Geotechnical 
Engineering. 
Concluding Remarks 
The Working Group addressed itself to technical problems associated 
with natural hazards. Nevertheless, the group recognizes the need to 
involve nontechnical people as well. In particular, it feels that social 
scientists and social workers have ~o interact with the engineers and 
scientists in the solution of problems dealing with the hazards and the 
disasters resulting from them. It was noted that in the Philippines the 
Disaster Research Center within the Technology Resources Center coordinates 
the work of people from different disciplines. 
Finally, it must be mentioned that the deliberations of the Working 
Group centered mostly on problems of particular importance to the Philippines. 
The American scientists and the delegate from Hong Kong were able to 
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provide information from their respective experiences at their countries. 
Within this limited scope of interaction, only the first two topics were 
identified positively as areas for possible strong collaborative research 
work. It is hoped that future symposia would engender greater participation 
and interaction with delegates from the other countries in Southeast Asia. 
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IV. Concluding Remarks 
The Symposium concluded on Friday, 30 September 1977 with an adress 
by Dr. L. V. Abis, Associate. Dean of the College of Engineering, University 
of the Philippines, and closing remarks by R. P. Venturina and E. G. 
Tabujara representing the local organizers and by S. L. Koh and A. H-S. Ang 
on behalf of the foreign delegates. 
Summary and Conclusions 
The Manila Symposium is the first of its kind held in Southeast Asia 
on the subject of Engineering for Natural Hazards Protection. The theme 
of the symposium is clearly of great importance to the countries in this 
region; therefore, the convening of the symposium in Manila is timely and, 
indeed, is long overdue. 
The conference part of the Symposium afforded an opportunity for the 
local participants to get an overview of the current state-of-art of 
engineering research and developments related to engineering for natural 
hazards protection, with emphasis on earthquake and wind. It serves also 
to provide a forum for the researchers from the different countries to 
review their recent research results and approache~. 
During the research workshop phase of the Symposium, a number of 
worthwhile research topics were identified and defined as suitable for 
joint collaborative support between or among the countries represented 
at the Symposium. The specific topics have been well summarized in the 
reports of the various working groups, as presented in Chapter 3. Besides 
these specific research topics, several recurring problems that are unique 
to the Southeast Asia region were e~phasized by the different working 
groups; these are worthy of repeating, and may be summarized as follows: 
1. There are local and special requirements that are unique to 
Southeast Asia and thus specialized research studies are needed tto be 
sure); howeve~ one of the most urgent needs in the region is for the proper 
dissemination and adaptation of available information and research results 
already developed by other countries, especially in the U.S. and Japan. 
In particular, there is currently a general lack of comprehensive and 
up-to-date references on technology related to natural hazards protection 
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in the region. Consequently, there is a critical need for an information 
center and repository of research findings for this region; the establish-
ment of an information center for the entire Southeast Asia region was 
suggested. 
2. Concern was expressed also for an effective collection of data 
related to natural hazards, and for the systematic analysis and dissemina-
tion of this information aimed at stimulating the improvement of'engineering 
practice. The idea of establishing an institute in one of the Southeast 
Asian countries for these purposes was suggested. Such an institute 
could serve as a natural hazards data and research center, and as an 
educational center to sponsor seminars, organize short courses, etc. 
The possibility of publishing a "Journal on Natural Hazards Protection in 
Southeast Asia ll was also voiced. 
3. The main problem in implementing the suggestions developed at 
this symposium would be the cornmittment of sufficient funds for qualified 
personnel and equipment necessary to achieve the goals of any joint 
program. It is the hope that symposia of this type will help to enhance 
the recognition of such needs by appropriate funding agencies, and expedite 
or encourage the future committment of needed funds. 
4. The holding of additional future symposia on the subject of 
engineering for natural hazards in Southeast Asia was strongly endorsed 
by the various working groups. In this regard, there is an offer from the 
delegation of Thailand to organize and co-sponsor the second symposium on 
the same subject in Bangkok, Thailand, with a suggested (tentative) date 
of January 1980. In any future symposia on this subject, wider repre-
sentation and participation by t~e countries in the region would be 
desirable for obvious reasons. 
countries should be encouraged. 
Also, larger delegations from the various 
Planning of future symposia may include 
a pre-conference meeting of the organizers, for the purpose of selecting 
conference topics and preparation of available research material. 
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